Over the last 20 years, optical methods have been increasingly used in analytical and bioanalytical applications. These methods have been applied in two rather broad ways: for direct and for indirect detection. Whereas direct-detection approaches typically enable the detection of an analyte in a single step, indirect approaches usually require the use of labels. The most commonly used indirect-detection approach is based on the use of fluorescent labels, via measuring the fluorescence emitted by the label either attached to the analyte or to a molecule that binds to the analyte. Although fluorescence-based approaches enable detection and quantification of analytes at extremely low concentrations, the use of labels increases the complexity of the method and imposes limitations on the systems that can be studied using fluorescence. Conversely, direct labelfree approaches have been revealed to be able to overcome some of these limitations and expand the use of optical methods to new fields of application, for example, biomolecular-interaction analysis.
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Direct label-free detection of chemical and biological analytes takes advantage of a large and diverse group of optical methods. Absorption spectroscopy detects analytes by measuring the absorption of light at selected wavelengths that match the analytes' absorption bands. In Raman spectroscopy, analytes are detected on the basis of their specific spectral Raman-scattering fingerprints. Recently, optical methods based on the measurement of analyte-induced refractive index changes have attracted a great deal of attention, especially for affinity biosensing. These methods measure refractive index changes produced by the binding of analyte molecules to special biorecognition molecules (e.g. antibodies, nucleic acids, peptides), which are immobilized on a surface of an optical transducer and are able to recognize and capture analyte molecules. The transducers that are able to measure analyte-induced refractive index changes are mainly based on the following methods: interferometry (Young and Mach-Zehnder integrated optical interferometers, Fabry-Pérot interferometer), spectroscopy of guided modes of optical waveguides (resonant mirror sensor, grating coupler sensor, surface plasmon resonance sensor), and optical resonators (microsphere resonator sensor, ring resonator sensor). Most of these transducers use an evanescent field to observe biomolecular interactions. As in other fields of analysis, imaging has also gained a growing share in biosensor-based bioanalysis, and numerous direct optical approaches have been expanded to imaging modalities (e.g. surface plasmon resonance, white light interferometry). Typical applications of this detection technology include high throughput screening of pharmaceutical libraries, screening of peptide binders against target proteins, receptor-peptide interactions, and even cell receptor morphology screening.
Direct label-free detection has gone beyond applications in research, and is attracting an increasing amount of interest from industry. For instance, the U.S. Food and Drug Administration (FDA) increasingly requires both the conditions for obtaining label-free interaction data and the testing conditions of pharmaceuticals to be as close as possible to in vivo (with a large variety of assays). Thus, the range of applications of label-free detection methods is no longer only focussed on small molecules and therapeutic antibodies, but also includes proteomics and target and non-target screening. It has been realized that by using such methods, more complex assays and more complex biomolecular interactions can be examined. Therapeutic drug monitoring, effect-based analysis, analyte-cell interaction, and even signalling pathways are examples of important upcoming applications. Accordingly, as well as special congresses on label-free detection techn o l o g y, s e s s i o n s d e a l i n g w i t h d i r e c t o p t i c a l biomolecular-interaction analysis are also scheduled for other bioanalysis congresses.
This topical collection contains both reviews and original research articles covering different aspects of direct optical sensing, from technological developments to new applications. It also serves to reflect the breadth of the field and to illustrate the potential of direct optical detection technology.
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